Introduction
============

Primary acquired nasolacrimal duct obstruction (PANDO) describes a condition of nasolacrimal duct obstruction caused by inflammation or idiopathic fibrosis.[@b1-opth-10-337] Distal obstruction causes stagnation of lacrimal secretion, which may promote bacterial colonization and lacrimal sac infection. The clinical spectrum of nasolacrimal duct obstruction ranges from simple epiphora to acute or chronic dacryocystitis. Dacryocystitis occurs in acute and chronic forms. Acute dacryocystitis is the acute inflammation of lacrimal sac with localized erythema and tenderness of the skin overlying lacrimal sac area. Chronic dacryocystitis contains purulent or mucoid material in the lacrimal sac, which regurgitates on irrigation or pressure over sac area. Complications of dacryocystitis include fistula, corneal ulcer, and orbital cellulitis. There have been several previous studies regarding the microbiology of lacrimal duct obstruction causing chronic and acute dacryocystitis.[@b2-opth-10-337]--[@b4-opth-10-337] The objective of this study was to describe the microbiology of nasolacrimal duct obstruction and to determine the susceptibility of the isolated organisms to common antimicrobial agents.

Methods
=======

Ninety-three patients (100 eyes) diagnosed with PANDO between August 2008 and April 2011 were prospectively enrolled. All patients underwent a complete ophthalmic examination with lacrimal drainage system irrigation and intranasal examination. Lacrimal irrigation was performed to diagnose PANDO. Patients younger than 20 years, patients with canalicular obstruction, secondary nasolacrimal duct obstruction, ocular, and adnexal infection other than dacryocystitis (such as canaliculitis, hordeolum, blepharitis, conjunctivitis, keratitis, and endophthalmitis), and patients with a history of topical or systemic antibiotic usage within 1 week were excluded from the study. Written informed consent was obtained from all of the enrolled patients. Patients were categorized into acute dacryocystitis, chronic dacryocystitis, and simple epiphora subgroups based on the following clinical findings. Acute dacryocystitis was diagnosed in patients with tenderness, erythema, and swelling in the lacrimal sac area. Chronic dacryocystitis was diagnosed in patients with regurgitation of mucoid or mucopurulent discharge on the application of pressure over the lacrimal sac area or on the irrigation of lacrimal drainage system. Simple epiphora was diagnosed if the patient had PANDO without any clinical signs of infection of the lacrimal drainage system and no discharge on the application of pressure over the lacrimal sac area or on lacrimal irrigation.

All patients underwent either external or endoscopic dacryocystorhinostomy. Lacrimal sac contents of all 100 eyes were examined for the presence of bacteria and fungus using culture-based techniques. In patients with acute dacryocystitis who required incision and drainage, the contents of the lacrimal sac were directly collected using sterile cotton wool swabs during the incision and drainage procedure, taking care not to touch the skin and wound margin. In the remaining patients, the samples were intraoperatively collected using sterile technique prior to dacryocystorhinostomy by irrigating the lacrimal drainage system with sterile saline and aspirating the contents from the lacrimal sac via the punctum. Each sample was inoculated into 5% sheep blood agar and incubated in an anaerobic jar. Samples were also inoculated into a second plate of 5% sheep blood agar, a chocolate agar plate, and a thioglycollate broth and incubated aerobically. All inoculated media were incubated at 35°C for 3 days. Fungi were cultured on Sabouraud's agar, with and without chloramphenicol, at 25°C for 14 days. Gram staining of direct specimens was also performed. Bacteria and fungi were identified by standard phenotypic methods. Antimicrobial susceptibility of bacteria was tested by the disk diffusion method according to the Clinical and Laboratory Standards Institute guidelines.[@b5-opth-10-337] This study followed the tenets of the Declarations of Helsinki and was carried out with approval from the Siriraj Institutional Review Board.

Statistical analysis
--------------------

Demographic data were presented by descriptive statistics. The categorical data were represented as the number and percentages. The continuous data were presented by mean and range. The chi-square test and Fisher's exact test were used to compare the differences in categorical data between subgroups. The *P*-value \<0.05 was considered statistical significance for all statistical tests. Data analysis was performed using PASW Statistics 18.0.

Results
=======

Demographic data
----------------

Cultures were obtained from 93 patients (100 eyes in total) diagnosed with PANDO. The mean age was 59.2 years (range 20--89 years), and the majority of patients were female (81/93, 87%). Fifty and 36 patients had right- and left-side infections, respectively, whereas seven patients had bilateral nasolacrimal duct obstruction. The mean duration of symptoms was 26.0 months (range 5 days to 22 years).

Microbiology
------------

Among the100 samples, positive cultures were obtained from 79 samples (79%). Of the culture-positive samples, 47 (59.5%) yielded a single organism, while 32 (40.5%) had two to five mixed organisms. In total, 127 organisms were isolated, and 29 different species were identified. The majority of microorganisms were Gram-positive bacteria (45 samples, 57.0% of all positive culture samples), whereas Gram-negative bacteria, anaerobic bacteria, and fungi were found in 39 (49.4%), 24 (30.4%), and four samples (5.1%), respectively. The most commonly isolated microorganisms were coagulase-negative staphylococci (22 samples, 27.8%). Nonspore-forming Gram-positive anaerobic rods, *Pseudomonas aeruginosa*, and *Haemophilus influenzae* were isolated from 14 (17.7%), 12 (15.2%), and eleven samples (13.9%), respectively. A summary of the microorganisms detected is presented in [Table 1](#t1-opth-10-337){ref-type="table"}. The most frequent Gram-positive isolate was a group of coagulase-negative staphylococci, which represented 17.3% of all isolates and 43.1% of the Gram-positive group. The two most frequent Gram-negative isolates were *P*. *aeruginosa* and *H*. *influenzae*, which represented 9.4% and 8.7% of all organisms and 27.3% and 25.0% of the Gram-negative group, respectively. Nonspore-forming Gram-positive rods were the most frequent anaerobic bacteria and represented 50.0% of the anaerobe group and 11% of the total number of isolates.

Subgroup analysis
-----------------

Patients were divided into three subgroups (acute dacryocystitis, chronic dacryocystitis, and simple epiphora). Of all 100 eyes, five, 45, and 50 had acute dacryocystitis, chronic dacryocystitis, and simple epiphora, respectively. The number of samples in the acute dacryocystitis subgroup was too small to provide adequate statistical power; therefore, we analyzed this subgroup separately and compared the distribution of microorganisms between the chronic dacryocystitis and simple epiphora subgroups only.

All samples in the acute dacryocystitis subgroup were culture positive. Gram-positive (three samples), Gram-negative (three samples), and anaerobic (three samples) bacteria were cultured, but no fungi were detected in this subgroup. The most commonly isolated bacterium was *H*. *influenzae*, which was isolated from two samples and represented 40% of the culture samples in the acute dacryocystitis subgroup.

The types of organisms isolated in each subgroup in the comparison between the simple epiphora and chronic dacryocystitis subgroups are presented in [Table 2](#t2-opth-10-337){ref-type="table"} and [Figure 1](#f1-opth-10-337){ref-type="fig"}. Gram-negative organisms in the chronic dacryocystitis subgroup were isolated significantly more frequently than in the simple epiphora subgroup (*P*=0.012).

Antimicrobial susceptibility of bacteria
----------------------------------------

Ciprofloxacin was the most effective agent (93.8%) against all Gram-positive and Gram-negative organisms. The most effective agent against Gram-positive organisms was vancomycin (100% of isolates susceptible), followed by ciprofloxacin and chloramphenicol (93.3%). All *Staphylococcus aureus* isolates were susceptible to oxacillin, ciprofloxacin, chloramphenicol, co-trimoxazole, clindamycin, and vancomycin. All *Streptococcus pneumoniae* isolates were susceptible to vancomycin, while 85.7%, 85.7%, 71.4%, and 28.6% of these isolates were susceptible to ciprofloxacin, chloramphenicol, penicillin, and co-trimoxazole, respectively. All Gram-negative bacteria were susceptible to ceftazidime, and 93.9% were susceptible to ciprofloxacin. All *P*. *aeruginosa* isolates were susceptible to ceftazidime, ciprofloxacin, gentamicin, and meropenem. All *H*. *influenzae* isolates were susceptible to ceftazidime, chloramphenicol, and ciprofloxacin, whereas 90.9% were susceptible to ampicillin and amoxicillin/clavulanate, and 54.5% were susceptible to co-trimoxazole.

Discussion
==========

PANDO affects women more frequently than men, with a 3:1 female preponderance.[@b6-opth-10-337] In this study, 81 patients were female and 12 were male (6.7:1). Measurement of the bony nasolacrimal duct system has revealed that women have significantly smaller lower nasolacrimal fossa and middle nasolacrimal ducts, which might explain the higher prevalence of PANDO in women.[@b7-opth-10-337]

Sample collection techniques vary between published studies, which might influence the levels of overall culture positivity. Hartikainen et al collected material refluxed through the lacrimal punctum, or by wiping a broth-moistened swab across the lower conjunctival cul-de-sac, and reported positive cultures in 84% of 127 samples.[@b3-opth-10-337] DeAngelis et al analyzed the posterior lacrimal flap and found only 41.7% of the 132 samples were culture positive.[@b4-opth-10-337] In the present study, 79% of the samples were culture positive. These samples were obtained directly from the lacrimal sac through the irrigating syringe without a lid, or conjunctival contamination under sterile surgical technique in the simple epiphora and chronic dacryocystitis subgroups. Five samples in the acute dacryocystitis subgroup were obtained by using a sterile cotton swab to collect content during the incision and drainage procedure.

The microbiology of lacrimal duct obstruction has been previously studied. DeAngelis et al reported that 78.5% and 21.5% of the organisms from 132 samples were Gram-positive and Gram-negative bacteria, respectively, and 76.5% of the Gram-positive bacteria were staphylococci.[@b4-opth-10-337] Hartikainen et al found that 69% and 17% of all organisms isolated from 127 samples were Gram-positive and Gram-negative bacteria, respectively and that the most frequently cultured Gram-positive and Gram-negative species were *Staphylococcus epidermidis* and *H*. *influenzae*, respectively.[@b3-opth-10-337] In this study, although Gram-positive bacteria were the most common microorganisms (40.2% of all organisms), Gram-negative bacteria were isolated in almost equal proportions (34.6%), which is in agreement with the study of Pinar-Sueiro et al who found 49.1% of Gram-positive and 43.9% of Gram-negative bacteria.[@b8-opth-10-337] These findings may show an increasing trend toward Gram-negative bacteria in nasolacrimal duct obstruction. However, it may reflect our geographic environment.

Patients in this study were clinically categorized into three subgroups: simple epiphora, chronic dacryocystitis, and acute dacryocystitis. All samples in the acute dacryocystitis subgroup were culture positive; however, the sample size was too small (five samples) for accurate statistical analysis. There was no statistically significant difference in the proportion of positive cultures obtained from the simple epiphora (74%) and chronic dacryocystitis subgroups (82.2%). This is consistent with the report of DeAngelis et al, which showed that the presence of a positive culture result was independent of a history of dacryocystitis or the presence of a mucocele.[@b4-opth-10-337] Owji and Khalili also reported that the mean colony count of microbial organisms was significantly higher in lacrimal sac and conjunctival culture of the obstructed side than the normal side. Therefore, this study confirms the importance of routine preoperative irrigation before intraocular surgery to avoid potentially pathogenic bacteria.[@b9-opth-10-337] Interestingly, in this study, we demonstrated a predominance of Gram-negative bacteria in the chronic dacryocystitis subgroup (46.6% of isolates), in contrast to the previous studies of chronic dacryocystitis, which showed that most microorganisms were Gram-positive bacteria.[@b2-opth-10-337],[@b10-opth-10-337]--[@b13-opth-10-337] However, Briscoe et al demonstrated a higher incidence of Gram-negative bacteria, particularly *Pseudomonas*, in patients with purulent dacryocystitis.[@b14-opth-10-337] In this study, the prevalence of Gram-negative organisms was significantly higher in the chronic dacryocystitis subgroup than in the simple epiphora subgroup (*P*=0.012). This result is consistent with the studies that have been described by Hartikainen et al and Amin et al.[@b3-opth-10-337],[@b15-opth-10-337] Therefore, antimicrobial drugs against Gram-positive and Gram-negative bacteria should be administered in chronic dacryocystitis.

In this study, anaerobic bacteria were found in all subgroups (22% of all isolates) and were represented mostly by nonspore-forming Gram-positive rods and *Propionibacterium acnes*. Anaerobic bacteria were present in 13%--19% of samples in previous studies, and *Propionibacterium* species were predominant.[@b3-opth-10-337],[@b13-opth-10-337] In contrast, Blicker and Buffam did not detect any anaerobic bacteria in patients with chronic dacryocystitis.[@b16-opth-10-337]

All Gram-positive bacteria were sensitive to vancomycin, and 93.3% were sensitive to ciprofloxacin and chloramphenicol. In contrast, all Gram-negative bacteria were sensitive to ceftazidime, and 93.9% were sensitive to ciprofloxacin. Thus, ciprofloxacin was the most effective agent (93.8%) against both Gram-positive and Gram-negative bacteria. These findings suggest that ciprofloxacin was effective in vitro against both Gram-positive and Gram-negative bacteria in this study and may be an initial treatment for chronic dacryocystitis because of its relatively high activity for most commonly found Gram-positive and Gram-negative bacteria.

Conclusion
==========

Most patients with PANDO, with or without clinical signs of lacrimal infection, were culture positive. Therefore, routine preoperative irrigation before intraocular surgery is recommended. The proportion of Gram-negative organisms was high in patients with nasolacrimal duct obstruction, especially in the chronic dacryocystitis subgroup; this may show an increasing trend toward Gram-negative bacteria in nasolacrimal duct obstruction or reflect our geographic environment.
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###### 

Microbiology of primary acquired nasolacrimal duct obstruction

                                              Number of organisms   Percentage of all organisms (n=127)   Percentage of positive culture samples (n=79)
  ------------------------------------------- --------------------- ------------------------------------- -----------------------------------------------
  Gram positive                               51                    40.2                                  
   Coagulase-negative *Staphylococcus* spp.   22                    17.3                                  27.8
   *Staphylococcus aureus* MSSA               8                     6.3                                   10.1
   *Streptococcus pneumoniae*                 7                     5.5                                   8.9
   Streptococci B-hemolytic group F           1                     0.8                                   1.3
   Streptococci alpha-hemolytic               7                     5.5                                   8.9
   *Corynebacterium* spp.                     6                     4.7                                   7.6
  Gram negative                               44                    34.6                                  
   *Pseudomonas aeruginosa*                   12                    9.4                                   15.2
   *Haemophilus influenzae*                   11                    8.7                                   13.9
   Gram-negative rod NF                       4                     3.1                                   5.1
   *Klebsiella pneumoniae*                    2                     1.6                                   2.5
   *Moraxella* spp.                           2                     1.6                                   2.5
   *Citrobacter koseri*                       2                     1.6                                   2.5
   *Proteus mirabilis*                        2                     1.6                                   2.5
   *Escherichia coli*                         4                     3.1                                   5.1
   *Enterobacter* spp.                        2                     1.6                                   2.5
   *Morganella morganii*                      1                     0.8                                   1.3
   *Stenotrophomonas maltophilia*             1                     0.8                                   1.3
   *Neisseria* spp.                           1                     0.8                                   1.3
  Anaerobe bacteria                           28                    22.0                                  
   Gram-positive rods, nonspore forming       14                    11.0                                  17.7
   *Propionibacterium acnes*                  5                     3.9                                   6.3
   *Porphyromonas* spp.                       2                     1.6                                   2.5
   *Veillonella* spp.                         2                     1.6                                   2.5
   *Fusobacterium nucleatum*                  2                     1.6                                   2.5
   *Clostridium* spp.                         1                     0.8                                   1.3
   *Peptostreptococcus* spp.                  1                     0.8                                   1.3
   *Prevotella melaniogenica*                 1                     0.8                                   1.3
  Fungus                                      4                     3.1                                   
   Yeast                                      2                     1.6                                   2.5
   *Candida parapsilosis*                     1                     0.8                                   1.3
   *Aspergillus flavus*                       1                     0.8                                   1.3
  Total                                       127                   100.0                                 160.8

**Abbreviations:** MSSA, methicillin-susceptible *S. aureus*; NF, nonfermentative Gram-negative rod.

###### 

Microbiology in the simple epiphora and chronic dacryocystitis subgroups

                           Simple epiphora (n=50 samples)   Chronic dacryocystitis (n=45 samples)   *P*-value
  ------------------------ -------------------------------- --------------------------------------- -----------
  Growth                   37 (74.0%)                       37 (82.2%)                              0.335
  Gram-positive bacteria   25 (50.0%)                       17 (37.8%)                              0.231
  Gram-negative bacteria   13 (26.0%)                       23 (51.1%)                              0.012
  Anaerobe bacteria        12 (24.0%)                       9 (20%)                                 0.639
  Fungus                   2 (4.0%)                         2 (4.4%)                                1.000
